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socially and economically sustainable supply chains, considering the interests of all stakeholders in
issues, but also on societal well-being. As a result, companies need to prioritize the development of
placed by organizations like the United Nations and the European Union not only on environmental

has become a focal objective for many companies. This shift is driven by the growing emphasis
In addition to the emergence of new technologies and the digitalization of supply chains, sustainability
production, procurement, logistics, product distribution and customers' services (Brettel et al., 2014).
intelligent supply chains by connecting all functions and processes, such as product design and
(Rinaldi et al., 2021). DT has the potential to convert traditional supply chains into efficient and
information systems (IS) to optimize their operations and improve collaboration with trading partners
Modern companies, which are part of large supply chains need to use new technologies or

rise a few years ago.

attention has been limited, with research into digitization and digital transformation only beginning to
businesses. Despite the evident impact of DT on improving business performance, academic
(2021) note that companies embracing digital transformation have outperformed many traditional

digital transformation (DT) of companies, enhancing and optimizing their operations. Verhoef et al.
In recent years, the adoption of new information technologies has significantly contributed to the
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include more companies and industries.

Therefore, to attain more detailed conclusions, the paper proposes the expansion of this research to

conducted in three companies with different roles (manufacturer, 3PL and retailer) in the supply chain.

The quantitative research was conducted only in 3PL companies, while the qualitative research was
Research limitations/implications
practices and offer a foundation for further investigation in different industries and company types.
findings emphasize the importance of digital transformation in fostering sustainable supply chain

Framework at undedeveloping a theoretical conceptual framework that underpinned the empirical work. The research
new technologies. It also addresses the lack of mixed research methodologies in this field by
sustainability within supply chains, particularly in relation to the impact of information systems and
This paper contributes to the literature by addressing a gap in the exploration of all three pillars of
Originality/Value

strategies through digital transformation.
Furthermore, the results underscore the potential for companies to further advance their sustainability

of key supply chain capabilities that enhance both sustainability impact and business performance.
companies, as integrating various technologies with business resources can lead to the development

The main findings of this paper demonstrate that digital transformation plays a critical role for
Findings
questions and findings.

based on the analysis of three case studies leading to an in-depth understanding of the research
conclusions that were further explored through qualitative research. The qualitative research was
companies. The collected data enabled the testing and verification of specific hypotheses and led to

approach. The quantitative research was based on a survey conducted in 3PL (third party logistics)

The research follows a mixed methodology, involving a combination of a quantitative and qualitative

Design/Methodology/Approach

also to the development of specific sustainable strategies.

circumstances the above combination could lead not only to increased business performance, but

transformation. It also aims to develop a conceptual framework, which clarifies under which
This paper aims to explore the relationship between sustainable supply chain management and digital

Purpose

Abstract

Department of Business Administration, University of Piraeus, Greece
Asterios Stroumpoulis, Evangelia Kopanaki

EXPLORING INDUSTRY 4.0 FOR ENHANCED PERFORMANCE

DIGITAL TRANSFORMATION & SUSTAINABLE SUPPLY CHAINS:



39ICLT 2024: Manuscript proceeding.

that addresses the gaps in TBL and digital technologies, nor have they examined the new

After reviewing the relevant papers, none has developed a comprehensive, conceptual framework

SCM and enhance supply chain performance (Manavalan and Jayakrishna, 2019).

Jayakrishna, 2019), and only a limited number of studies suggest that loT could improve sustainable
The implications of loT are still in the early stages within the supply chain industry (Manavalan and
et al., 2019). The same gap exists concerning the use of the Internet of Things (loT) in supply chains.
studies in the literature that explore its impact on sustainability practices within supply chains (Saberi
managing and reducing waste in specific industries, such as tourism. However, there is a lack of

by aligning with partners and reducing fraud, while also contributing to the environmental pillar by
supply chains by serving as a decision-making tool. It could help managers enhance their social pillar

dimensions. Regarding new technologies of DT, such as blockchain technology (BT), could support

analyse the integration of all threesocial pillars. The literature review indicates that a few studies

supply chains are predominantly focused on financial outcomes, neglecting the environmental and

point out that Triple Bottom Line (TBL) approaches and the application of information technologies in
integration is crucial for companies to achieve true sustainability. Similarly, Birkel and Muller (2021)

al. (2016) highlight that the social dimension of sustainable SCM receives the least attention, yet its
development, not all pillars are adequately addressed or framed in existing literature review. Mani et
research limitations. Firstly, although sustainable SCM is aligned with the three pillars of sustainable

framework and analysing the three pillars of sustainability. The literature review revealed certain

This research aims to address the gaps identified in the literature by developing a conceptual

Research gaps

can also improve the sustainable performance of the member companies.

Finally, according to Shee et al. (2018), when IT has a positive impact on supply chain performance, it

performance (Fiorini and Jabbour, 2017).

supply chain management (SSCM) might affect the resulting socialhow its use in sustainable

IT affects the financial, operational, and environmental performance of companies, it remains unclear
Also, IT is a very important factor in achieving environmental sustainability (Wang et al. 2015). While

ultimately increasing performance and productivity (Schallmo et al., 2017).

to automated processes within companies, saving time and resources, redistributing roles, and
of the chain. Despite these challenges, IT alignment is essential, as digitizing supply chains can lead

among partners is challenging and requires a commitment of resources and coordination at all stages
are equally important for the operational efficiency of the supply chain members. However, aligning IT
effective collaboration (Moeuf et al., 2018). The development and alignment of the IT infrastructure

achieving alignment among all trading partners is crucial when adopting new technologies to foster
partners and their customers are able to cooperate and exchange information effectively. Therefore,

Kagermann et al. (2013), IT can fully unlock the value and efficient operation of a supply chain if all

IT also plays an important role in supply chain management (SCM), as it is imperative for the
enhance a firm's business capabilities.

(Fitzgerald et al., 2014), this research supports the concept of DT as the use of IT resources to

While it is commonly believed that digitization refers to the adoption of new digital technologies
within companies, with the potential to increase productivity and reduce operating costs (Yin, 2023).
transformation (DT) (Andriole et al., 2017). Therefore, DT is closely linked to the application of IT

According to the literature, IT is the most critical factor enabling companies to undergo digital

the sustainability goals set for 2030.
implementation of information technology (IT), the business world and society will struggle to achieve
models (Al-Emran and Griffy-Brown, 2023). It is suggested that without the effective development and

understanding the impact of digital transformation (DT) on societal processes, products, and business
practitioners and business associations are highly interested inacademics,Researchers,

Theoretical Development

resources can lead to increased business performance and sustainable impact.

(Stroumpoulis et al., 2021) and show how the combination of sustainable policies with IT and SCM
methodology (qualitative and quantitative), are consistent with the findings of previous research

The results of this study, based on a mixed researchtransformation and sustainable development.
framework to explain the relationship between digitalliterature and develops a conceptual

To address the above issues, this paper examines related research, identifies research gaps in the

chains will benefit every participant involved (Farahani et al., 2017).
their operational environment. Integrating digitalization with sustainable practices within digital supply
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objectives contributes to creating a more responsible and resilient business environment (Gupta et al.,
their position in the market. As a result, the integration of digital technologies with sustainability

these capabilities enable companies to further develop sustainability strategies, thereby improving
business performance and sustainable outcomes, promoting excellence in these areas. Ultimately,
development and DT, companies can achieve IT-related business capabilities that lead to improved

above hypotheses. By integrating IT and SCM resources with an emphasis on sustainable
sustainable policies and IT resources to improve process effectiveness and efficiency, addressing the

The conceptual framework, depicted in Figure 1, demonstrates how companies can leverage

and Digital Transformation (V09) lead to the development of Sustainable Strategies

Digital Transformation Excellence (V09) within the industry.·· ········· H8: The resulting Business Performance (V07), Excellence in Sustainable Development (V08)

· H7: The sustainable impact derived from the use of Information Technology (V11) leads to
leads to Excellence in Sustainable Development (V08) within the industry.

· H6: The sustainable impact that has resulted from the use of Information Technology (V11)

increase in Business Performance (V07).

· H5: The capabilities (V05) that have arisen from the use of Information Technology lead to an

sustainable impact (V11) that have resulted from the adoption of sustainable practices

· H4: The capabilities (V05) that have emerged from the supply chain environment improve the
(VO2) positively influence the development of Capabilities (V05).

· H3: The Supply Chain Processes (V01) together with the focus on Digital Transformation
(VO3) positively influence the development of Capabilities (V05).

· H2: The level of Information Technology (V04) together with the skills of the Human Factor

Sustainable Development (V06) positively influence the development of Capabilities

H1: The company's focus on Digital Transformation (V02) and the orientation towards

Moreover, based on the literature review, specific hypotheses have been developed

creation (Mahapatra et al., 2010).

trend analysis. TCT also helps identify opportunities for cost reduction, risk mitigation, and value
assess the economic impact of various SCM practices, including contract management and market
contracting, managing, and coordinating these relationships. By applying TCT, the research can
relationships between business partners within supply chains, such as the costs associated with

the economic aspects of SCM. This theory focuses on the economic factors that influence
2013; Deegan, 2019). The Transaction Cost Theory (TCT) offers a powerful framework for analysing
legitimate by various stakeholders, including employees, communities, and consumers (Ali & Rizwan,

considering stakeholder perspectives and ensuring that business practices are perceived as
managing the social impacts of supply chain activities. These theories emphasize the importance of
Legitimacy theories, when integrated into SCM, provide a robust framework for understanding and
for assessing the environmental impacts of these activities (Joshi & Li, 2016). Stakeholder and

highlights the importance of integrating sustainable practices into SCM strategies, which is essential

strategically to gain competitive advantages while addressing environmental concerns. This theory
in SCM offers a comprehensive approach to understanding how firms can use natural resources

developing the conceptual framework that underpins this study. The application of the N-RBV theory

"legitimacy theory," and "transaction cost theory" were identified and served as the foundation for
and social impact, theories such as the "natural resource-based view," "stakeholder theory,"
To better understand and explain this sustainable impact, particularly the economic, environmental,
sustainable impact.

along with specific IT-based capabilities, can affect both a company's business performance and
integrating sustainable development and DT with supply chain management (SCM) and IT resources,
The literature review identified key factors related to the topic of study and demonstrated that

Conceptual Framework

2022).
technologies of Industry 4.0 and their contributions to supply chains (Stroumpoulis and Kopanaki,
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method describes the analysis of variability among correlated variables, while reducing their number

factor analysis was carried out using the statistical software SPSS (IBM) (Field, 2009). The above

together in order to better study the research hypotheses. In order to reduce the number of variables,

The variables that emerged from the questionnaire were too many, so it was necessary to group them
500) require response rates of 20% to 25% to generate reasonably confident estimates.
the survey of Wu et al. (2022), which observed that surveys with a smaller sample size (i.e., less than

email from a mean response rate of 61.5% to 24.0% in 2000. The above statement is confirmed by
conducted by Sheekan et al. (2001) revealed that there is a huge decline in the response rate through

be overly concerned about the percentage of questionnaire returns.". Moreover, the survey which was
sample is homogeneous then "....surveying issues directly related to homogeneous groups should not
is approximately 27%, which is acceptable, because according to Leslie (1972, p. 332), when the
that was conducted, a total of 67 companies participated. Therefore, the response ratio of the survey

251 companies were recorded, of which 111 are located in the Attica Region. In the specific research

Following a search conducted both through the search engine "Google" and a sectoral study, a total of
environmental performance of their supply chain.
significantly not only to the economic, social and operational performance, but also to the

operate in Greece. The industry of 3PL companies was chosen as these companies can contribute
research, it was deemed necessary to involve the participation of the "3PL" companies that exist and
the research hypotheses developed to better understand the framework. For the realization of the

The questionnaire was formulated in accordance with the above theoretical framework, but also with

role in quantitative methodology as a data collection tool (Caputi and Balnaves, 2001).
statistical techniques to analyze the data (Creswell and Poth, 2016). Questionnaires play a crucial
phenomena by collecting quantifiable data in numerical form and applying mathematical models and

empirical work. To achieve this, they first employed a quantitative methodology, which investigates

To reach safe conclusions, the authors used and tested the above conceptual framework through
Quantitative Methodology

out to draw more reliable conclusions.

conducted with the use of semi-structured interviews. The combination of all the above was carried
and designing a survey questionnaire. Finally, qualitative research through case study analysis was
appropriately its purpose and objectives. Initially, quantitative methodology was carried out by using
In this research, a mixed research methodology was used in order to understand and address

Research Methodology

Source: Stroumpoulis et al., 2024
Figure 1: Conceptual Framework
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(Shih, 1998). The results obtained from the empirical data collection are summarized in the following
comprehensive method was designed to gather data from various sources, enabling data triangulation

combining documentation analysis, semi-structured interviews, and participant observations. This
issues under consideration. To ensure effective data collection, the study adopted an approach

explore this phenomenon and contribute to theoretical advancements, a multiple case design
could improve sustainable impact and strategy formulation within the supply chain. To thoroughly
whether integrating sustainability orientation with IT and SCM resources in specific business contexts

For the qualitative research, a case study methodology was selected. The research aimed to examine

Qualitative Methodology

Table 1: Quantitative analysis results

(V10) = 0,524(V07) + 0,515(V08) + 0,462(V09)

(V09) = 0,027(V11) + 3,105
(V08) = 0,027(V11) + 2,972

(V07) = 0,408(V05) + 2,048

(V11) = 4,036(V05) + 21,574

(V05) = 0,694(V01) + 0,822(V02)

(V05) = 0,793(V03) +0,684(V04)
(V05) = 0,875(V02) +0,760(V06)

Formula

AcceptedH8
AcceptedH7

AcceptedH6

AcceptedH5

AcceptedH4

AcceptedH3

AcceptedH2

AcceptedH1

Hypothesis Findings

confirmed that all the hypotheses of this research were supported.
order to test the hypotheses. Therefore, the linear and multiple regression analysis took place and

variable follows the normal distribution, then the statistic test of linear regression is appropriate in

specified continuous distribution. (Drezner et al., 2010). According to Sainani (2012), if the dependent
tests. It is mainly used to determine whether a sample originates from a population with a completely

follow the normal distribution. The Ks test is widely regarded as one of the most well-known normality

2013). A Kolmogorov-Smirnov analysis was also necessary to examine whether the variables could

multivariate technique, which is undertaken to reduce the observed variables (Yong and Pearce,

to a group of factors, also known as factors (Tharenou et al., 2007). Specifically, Factor Analysis is a



43ICLT 2024: Manuscript proceeding.

environmental footprint, improved operational efficiency and enhanced social impact. Importantly,
multiple fronts. Through innovation and investment in DT, these companies have reduced their

account the economic, environmental and social dimensions of sustainability, thus creating value on
supporting their sustainable strategies. They have adopted an integrated approach that takes into

companies, regardless of size or industry, recognize the necessary role of IS and DT in enabling and

common thread among companies that prioritize sustainability in their core activities. These
The qualitative findings from the case studies complement the quantitative analysis, revealing a
new sustainable strategies.

Development and, combined with increased Business Performance through Capabilities, will lead to

Capabilities. Also, the sustainable impact developed will lead to excellence in DT, Sustainable

and social - demonstrating that investments in IT and human capital can lead to the development of
highlights the connection of the three pillars of sustainable development - economic, environmental

role of IS in improving business processes and fostering sustainability-oriented practices. Moreover, it

of DT to enhance sustainability in supply chains. This quantitative perspective reinforces the critical
research hypotheses developed, aligns with previous literature and highlights the significant potential

the intersection between IS, DT and Sustainability in SCM. The quantitative analysis confirms all the
The mixed methodology used in this study provides a comprehensive and insightful understanding of
Conclusions and Limitations

Source: Strompoulis et al., 2024
Table 2: Overview of findings across different companies
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